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Safety as a form of order

Laboratory safety might not seem, at first, to be very profoundly related to scientific
knowledge. Of course safety is a relatively trivial issue in many scientific settings,
especially in comparison to the kind of safety concerns found, say, at a construction site
or a chemical plant. However, as scientific work has come to involve more exotic
chemicals, biological organisms, and forms of radiation, and generally become more
industrial in character, safety has become more of a concern. "'This has occurred
alongs1de a general expansion of government regulation of workplace safety during the
20 century, and a recent trend toward extending wor 2place safety efforts to new kinds of
work, including administrative and professional tasks.” As a result of these trends,
scientists find that they are increasingly being held responsible for following safety
regulations in their research.? '

In practice, safety issues in research facilities are not easily abstracted from the processes
that produce scientific knowledge itself. When we use terms like “laboratory safety” we
are typically referring to a set of activities or procedures designed to order the
environment in such a way that danger is eliminated or contained. In the course of
research, scientists are already engaged in a struggle to bring order out of chaos — to
understand, predict, and modify the behavior of objects of study as well as the machines
and instruments used to study them. Safety, too, depends on understanding, predicting,
and modifying the behavior of research apparatus and potentially dangerous objects of
study. Work safety in a particular research field is, in part dependent on the evolving
body of knowledge generated by research in that field.* In addition, the set of technical
skills and knowledge necessary to make equipment function safely is largely the same as
that required to make it produce reliable scientific results. In safety-critical scientific
environments, safety efforts and research work are completely interdependent processes.
Safety goals and scientific goals may be congruent, but they can just as easily demand
conflicting forms of order. Safety concerns can significantly limit or alter research
programs, and new research directions can generate major changes in the way safety is
defined and maintained. Safety is an epistemic problem and it can have epistemic
consequences.



The concept of danger is one of several that can be grouped in the overall cross-cultural
category of pollution beliefs, which also includes ideas about dirt and defilement. The
work of anthropologist Mary Douglas has provided a key set of analytical tools for
understanding pollution beliefs and their relationship to knowledge and social structure.
Douglas argues that pollution beliefs, in all their forms, emerge out of a culture’s ideas
about disorder. Safety, cleaning, purification, and related practices keep disorder and
pollution at bay and simultaneously impose a positive, normative order on the
environment.> '

In Douglas’ work, the notion of danger is particularly closely aligned with anomaly and
ambiguity. People or things that don’t fit into existing categories may be labeled
dangerous. Situations in which social categories are uncertain — such as transitional
periods between defined social states — may also be seen as dangerous. Various rituals
may be employed to reinforce existing categories or to draw sharp boundaries around

- anomalies and ambiguities so society can be protected from them. But ambiguity is not
necessarily seen as something that must simply be eliminated. It prompts efforts to
impose order in part because it can also be a potent source of power. The expert authority
of scientists, for example, seems to rest, in part, on the ability to order and control a
potentially disorderly natural world.

Douglas’ work suggests that exarmmng pollution beliefs can bring out the connections
between a society’s knowledge, its moral outlook, and its social structure. Along similar
lines, looking at laboratory danger provides an opportunity to trace connections between
scientific practice and the normative and social orders of scientific work. Historian Peter
Galison, for example, cites the role of safety concerns in shaping high-energy physics
research at all these levels. Galison, who also draws on Douglas, notes that physicists
working at accelerator facilities fought to preserve a certain flexible, non-hierarchical
“way of work life” that they considered essential to good research, in the face of efforts
by the U.S. Atomic Energy Commission (AEC) to push them toward a more industrial
mode of organization. Increasing concerns about accelerator safety, particularly in the
wake of a deadly hydrogen-fueled fire at the Cambridge Electron Accelerator in
Massachusetts, finally enabled the AEC’s approach to prevail. The AEC insisted that
scientists work under greater bureaucratic controls, including standard safety procedures
and defined organizational hierarchies, and that they establish guidelines for access to
experimental areas. It emphasized “housekeeping” as a key safety measure and requested
that management enforce standards and encourage the proper ‘attitude’ toward
housekeeping on the part of laboratory workers. Safety concerns driven by advances in
accelerator technology led to a significant shift in the normative order and social
organization of the high-energy physics workplace, with far-reachmg consequences for
the future of the field and experimental physics in general

What distinguishes safety from other ways of addressing laboratory order is the strongly
normative character of safety discourse. Safety, unlike other modern ways of talking
about risk, encompasses not only the possibility of harm but also the ways we expect
people and machines to behave in relation to that possibility. Other ways of ordering the
research environment, like those discussed above, are all normative in at least the



technical sense: they specify a scientifically acceptable way of acting in relation to the
objects of research. Safety can be normative in this technical sense, but it
characteristically blurs the line between technical norms and broader norms of social
conduct in the laboratory and its institutional context. Because of this, the study of
laboratory safety is an ideal starting point for understanding the connections between the
scientific approach to nature and the socially normative content of scientific work.

Los Alamos and pulsed power culture

This paper’s argument is grounded in a nearly two-year study of safety practices at
research facilities at Los Alamos National Laboratory (LANL or the Laboratory),
conducted with the aim of understanding how scientists and technicians integrate safety
into their work. practices. This research included intensive ethnographic studies of two
different areas of basic research activity at the Laboratory: bioscience and plasma
physics. The bioscience study involved observation and interviews with several research
teams engaged in relatively routine, low-hazard work. For the plasma physics study,
conducted interviews and engaged in participant observation as a laboratory worker in a
plasma physics research facility, where the potential hazards — and corresponding safety
efforts — were much more significant. The latter facility is the focus of this paper because,
as a relatively high-risk environment, it provides many clear examples of the interactions
between safety and the scientific research process.

Los Alamos is widely known as the place where the first nuclear weapons were
developed, and the current Laboratory continues to exist primarily as a nuclear weapons
research center.® However, the Laboratory also supports a great deal of basic research.
Some of this research, such as in the biosciences, is not related to nuclear weapons at all,
though it typically has some relevance to national security. Other research, in areas like
plasma physics, has grown directly out of the Laboratory’s weapons mission, but is
oriented more toward the development and communication of scientific knowledge to a
broader research community. Though they are a large portion of Laboratory employees,
such basic researchers have a somewhat ambiguous place in the status hierarchy of the
Laboratory: they feel they do not get quite the institutional respect accorded to
researchers in the core ‘weapons program’, yet the open nature of their work gives them
more access to professional rewards outside the Laboratory in their respective scientific
fields. Focusing on these researchers gives a different perspective on the scope of
scientific activities at U.S. weapons laboratories, while providing a basis for ﬁndmgs that
may be relevant to a wider scientific community.

The plasma physics laboratory will be referred to here by the acronym CLEO. It is
culturally part of the scientific world of plasma physics research, but also, by virtue of its
technological infrastructure, part of the “pulsed power” technical community. It is the
character of this technology, more than the scientific subject matter, that structures
danger in this laboratory. Pulsed power technology is characterized by the generation of
very sudden and very large pulses of electrical current. One large machine at LANL is
capable of producing an extremely brief current pulse of 33 MA, which is supposed to be
roughly equivalent to the entire current output of every electrical generator on earth at a



given moment. The CLEO apparatus is much smaller, capable of generating maximum
currents on the order of 100 kA at 50kV; its capacitors can store roughly 200 kJ of
electrical energy when fully charged. These pulsed have a number of scientific
applications. The large electrical and magnetic fields generated can be used to energize
and confine plasmas for fusion studies and to implode metal shells in weapons research;
the technology can also power lasers and particle accelerators. Pulsed power research has
flourished primarily at government laboratorles and private R&D firms, but is currently
being done in university settings as well.'

The most common technique for generating pulsed power in a laboratory setting is to
store electrical energy in large capacitor banks — typically, arrays of capacitors called
‘Marx generators’. These banks are arranged in such a way that the capacitors can be
charged in parallel to a certain voltage, then discharged into an electrical circuit in series,
adding their voltages and generating a large pulse of current.'? Because of the currents
involved and the need to discharge the pulse almost instantaneously, pulsed power
systems use an array of rather large, bizarre-looking switching devices worthy of a mad
scientist’s laboratory, often based on vacuum tubes and involving the deliberate
production of electrical arcs. Systems have to be designed to stand up to large currents
and the mechanical stresses caused by strong electromagnetic fields. Components have to
be arranged to prevent arcing through the air or along surfaces between them, even
though these discharges can be difficult to predlct It is a further challenge to design

~ instruments and data acquisition systems so they are adequately shielded from the
electromagnetic fields generated by the pulsed power circuitry. All of these factors make
designing and running pulsed power systems very specialized technical work. Becoming
skilled in this area requires experience not easily acquired elsewhere even in other types
of electrical work.

Because of the high voltages, large currents, and the sheer amount of stored electrical
energy involved, pulsed power work has the potential to be very dangerous. Coming into
contact with the electrical equipment when it is charged could, of course, lead to a shock
or electrocution; but a fully-charged capacitor bank can shock a person who comes near
it by sending an arc through the air. When a pulsed power system is operated, an
electrical fault can lead to catastrophic failures of components: capacitors can explode,
cables and connectors can be blown across the room at high velocity; air arcs between
components can happen with explosive intensity. If the automatic grounding system is
damaged, capacitor banks can end up electrically isolated at high voltage. In such cases, a
manual ‘shorting stick’ must be used to ground them; if done incorrectly, this can cause a
sudden, explosive discharge. Even in normal operation, the high magnetic fields
generated can propel loose metal objects across the lab. On top of all this, the
experimental apparatus that all the electrical energy is pumped into may be designed to
implode or reach very high temperatures, and laser- and x-ray-based measurmg
instruments can pose hazards in their own right.'*

At Los Alamos, and probably elsewhere, pulsed power technology has evolved a
distinctive work culture. This culture is built around the sense of working with something
powerful and dangerous, and emphasizes the peculiar and demanding nature of pulsed



power work. Safety is absolutely central to this culture. Workers, both scientists and
technicians, discuss safety frequently while building and operating pulsed power systems,
and emphasize their dependence on one another in safety matters. They talk about the
need for ‘ultimate respect for pulsed power’ because it ‘absolutely for a fact can kill

ou’’® and how ‘you don’t, you know, get the opportunity to make a second mistake.
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Elaborate safety arrangements and procedures are the norm, but the culture emphasizes
personal responsibility for safety as well. When conflicts arise between colleagues, they
are often over differing opinions on safety issues. Whether colleagues are trustworthy and
competent is something people actively worry about; not surprisingly, there is some
distrust of outsiders or new people in the workplace. In safety matters especially, pulsed
power workers can be dismissive of colleagues, managers, or safety personnel who have
demonstrated incompetence or lack of insider knowledge of pulsed power work."” In
terms introduced by Mary Douglas and Aaron Wildavsky, they embody the
characteristics of low ‘grid’ and high ‘group’: they are internally rather egalitarian, set a
strong boundary between themselves and the outside world, and are intensely concerned
about pollutlon in the form of laboratory danger.'®

Safety and order

The connection between safety and the order of laboratory space emerged empirically in
the way scientists, technicians, and safety personnel talked about the workplace.
Spec1ﬁcall?' discussions of safety often revolved around the issue of complexity versus
messiness.”” This was sometimes a matter of controversy within the research team, which
people elaborated on in interviews. Some felt that the CLEO facility was overly messy
and cluttered:

You have, basically, three or four little experiments all shoved into the same
room, which it wasn’t designed for. So you’ve got a lot more stuff in a smaller
area, so it’s going to be more hazardous. 20

Others disagreed:

This room out here is very clean and ... compared to a lot of the experiments I've
been involved with, this is a very good work space ... you know, it’s clean, it’s
well lighted, it’s not really cluttered, people take good care of their tools.*!

Although people could have very different opinions about the current state of the facility,
this seemed to be largely the result of different levels of tolerance for clutter. There was
general agreement that a certain level of clutter is necessary and acceptable in a
laboratory, depending on the work being done, and that beyond a certain point, clutter
poses an unnecessary hazard. This general point was articulated as follows:

The more complicated it gets ... things just have a tendency to get more and more
.. maybe clutter isn’t the right word, because a lot of stuff happens around the
[experimental apparatus] coil ... diagnostic[s] are there, a lot of cables leading out



from that ... even if people are as careful as they can be, there’s gonna be a place
where there’s lots of stuff ... that doesn’t mean people don’t care or they’re not
trying real hard, that’s just the way the experiment has to [be].>

The general concern with clutter is that it adds complexity to the laboratory environment,
making it more hazardous. It can do this by directly increasing opportunities for accidents:
involving tripping or running into things, and also just by making it difficult to figure out
what is going on with the equipment at any given moment. But not all complexity is
viewed as being disorderly in a dangerous way. Instead, the emphasis is on whether the
complexity makes sense — whether it is configured in a way that can be readily
interpreted for scientific or safety purposes. One scientist made the distinction that ‘an
experiment can be crowded, but it can be logically well organized too,” offering

‘evidence that somebody knew what they were doing when they put it together. 23,

If I can’t follow, if it’s a rat’s nest of piping and plumbing and wires and cables,
well then I won’t be able to figure out where this cable came from, and for that
matter, what’s on the other end of it. And then it’s dangerous ... I don’t have to
have a tag on every single stainless steel line ... but it shouldn’t be untraceable ..

if twenty lines penetrate a wall and then I have to ﬁnd out on the other side of the
wall where they went, that starts to make it harder.”*

The metaphor of traceability is key here. It not only points to the desire to impose some
kind of rational order on the complexity of the laboratory environment, but specifically
emphasizes the need for this order to be expressed visually. Pulsed power culture in
general emphasizes acute visual awareness of one’s surroundings as an important aspect
of both technical competence and safety probably because of the need to keep one’s
distance from charged equxpment 3 One technician reflected that:

To me the good experimental operators were the ones that could see the whole
aspect of the experiment from air pressures, to water temperatures, to the
conditions of the banks, to whether the tools were put up or not, to whether
somebody had left a door open, or forgot to hook a cable ... I mean they just
developed this knack for seeing problems. 2%

As described above, much has been written about how various scientific practices, inside
and outside the laboratory, are meant to structure a chaotic natural world in a way that
permits orderly scientific investigation.”” The point here is that, in certain laboratory
settings, man-made machinery and instrumentation can also become disorderly unless
some effort is devoted to imposing structure on the laboratory environment. This
structuring of the environment has epistemic consequences because it makes it possible
for researchers to gain reliable knowledge about the status and functioning of laboratory
equipment. This knowledge can be crucial for working safely, but the same knowledge
allows scientists and technicians to make credible claims about the proper functioning of
laboratory equipment. Under certain circumstances, such claims could be crucial to



establishing the validity of experimental results. At the least, an untraceable problem in a
technical system can hold up laboratory work because researchers want to eliminate
issues that could ultimately compromise the quality of their work. In practice, as the next
section shows, creating a well-structured, ‘epistemically safe’ work environment can be a
constant struggle, in which an ideal state of order can only be approximated. This is part
of the reason why neither laboratory safety nor the process of scientific investigation
itself can simply be reduced to a fixed set of rules.

Sources of uncertainty

As we have seen, researchers have a pretty clear idea of what kind of order they want in
laboratory space — visual and logical consistency, predictable connections between
components, level of complexity consistent with the task at hand, cleanliness. But pulsed
power systems, by their very nature, come into conflict with these ideals at nearly every
turn. High performance is usually achieved at the expense of system reliability. As one
scientist explained, “the voltages are too high, the spacings are too small, the currents are
too high ... you just can’t match your required performance and put in a lot of
engineering safety factor ... the performance will degrade too much.”*® At such close
tolerances, the electrical interactions between components can become very
unpredictable, to the point of seeming to defy logical or scientific analysis. This
uncertainty forces researchers to adopt some creative approaches to restoring order, and
consequently safety, to the laboratory.

The principle source of unpredictability in pulsed power systems is the behavior of
electricity itself. Because of the high voltages involved, it is relatively easy for electrical
current to bypass the desired circuit and instead strike out on its own by arcing through
nominally insulating materials like air. This ‘breakdown’ of electrical insulators is a
complex and relatively poorly-understood process. The most unpredictable form of this
phenomenon is ‘surface-aided breakdown,” which is when an arc forms along the surface
of an insulating material between electrical components. The risk of such an arc forming
can be minimized by lengthening the surface path between charged components. For this
reason, pulsed power machines are sometimes surreally draped and wrapped with
translucent plastic: frequently, instead of separating components with a single standard
insulator, researchers will separate them with layers of Mylar sheeting. This ensures that
any arc will have to traverse both sides of a sheet — a distance of a couple of meters — to
get from one component to the other. By using multiple layers — twenty or so —
researchers ensure that an arc that might find its way through a pinpoint flaw in a single
piece of plastic will have to travel around all the other layers. Despite these efforts,
however, surface arcing remains extremely difficult to anticipate and control.

Arcs through open air and other insulating materials are a little easier to prevent, but are
still unpredictable and can cause spectacular system failures. The arcs themselves can be
explosive, generating a blinding flash and shock wave that can blow system components
apart, creating shrapnel or even flying particles of molten metal. On one occasion I was
shown an inch-thick steel plate from a pulsed power machine that operated submerged in
oil. The arc had imprinted a fist-sized bulge on the plate — a relatively minor incident, I



was told. In addition, electrical short circuits caused by arcs can send unexpected surges
of current through a system. These can cause serious damage to system components; for
example, the magnetic fields generated can rip metal circuit elements from their bolts.
Individual components, such as capacitors, can also fail suddenly and explosively, just
because they are pushed to their limits.

Arcing behavior is one of the few areas in pulsed power where system performance is
seen as directly connected to standards of order in the form of cleanliness. Surface arcs
can be triggered by the tiniest surface flaw or minute speck of dirt. The arc in the oil-
insulted machine mentioned above was presumed to be caused by contamination that had
settled out of the oil. And if small particles get stuck between layers of plastic, they can
create the kind of pinpoint flaws that arcs tend to get through. Researchers try to address
these problems by emphasizing cleanliness during certain stages of system assembly,
such as when putting down layers of plastic sheet. But in general cleanliness is not treated
as an overriding concern, because it’s so hard to tell when dirt will turn out to be a
problem — most of the time it doesn’t seem to matter, yet sometimes arcs are attributed to
tiny bits of unseen contamination. After a certain point, contamination is treated as an
irreducible source of uncertainty, and systems are simply designed to be as tolerant of it
as possible.

There can also be great uncertainty about the state of a system in the aftermath of an
unexpected failure. A malfunction might be signaled by a flash and a bang and an
automatic system shutdown, but it may not initially be obvious where the problem
occurred. Careful detective work is often necessary to determine the extent of the
damage. And unless and until this investigation produces a conclusive result, doubt
remains about whether the capacitors in the system are still charged or not. Because
failures are so common — and sometimes are not so spectacular — experienced pulsed
power workers are very cautious around capacitor banks. The general practice is to act as
if the banks are charged until it is proven otherwise.?’

Ritual and uncertainty

In Mary Douglas’ view, ideas about order are defined and enacted through ritual. The
primary role of ritual is to resolve ambiguity by reinforcing categories and the boundaries
between them. Rituals need not be elaborate ceremonies; they can also be relatively
mundane routines that serve to structure our everyday reality. Ritual in this mundane
sense, even where it is grounded in scientific principles, can still carry important
symbolic meanings, according to Douglas.”® This approach to understanding ritual has
been important in the study of science and the professions because it provides a pathway
towardlunderstandmg the possible connections between technical work and normative
order.?

Pearl Katz’s anthropological study of antisepsis procedures in surgery is a good example
of such an analysis. She argues that ‘scrubbing’ procedures, draping of patients, and the
elaborate rules about how to move and what can be touched serve not only to make things
sterile, but also to establish clear symbolic boundaries between sterile and non-sterile. By



reducing ambiguity in the environment, these boundarles enable doctors and nurses to
move more freely and work more efﬁcwntly Others have gone further with this type of
analysis. Stefan Hirschauer argues that antisepsis and other pre-surgical procedures serve
to distance physicians from the everyday world and from their patients as persons, so that
they may cut into patient’s bodies without the feelings of shame or guilt this might
otherwise cause.>® For my present purposes I focus, as Katz does, primarily on how
rituals structure the environment in ways that enable the exercise of technical expertise,
although in the end the rituals in question also appear to carry abstract symbolic
significance of the sort that Hirschauer examines.

Ambiguity about system status appears to be the most worrisome source of danger for
scientists and technicians at CLEO. At a basic level, charged high-voltage equipment
itself is a potential source of danger even when it is working just as expected. Under such
ideal conditions, danger would be relatively predictable and could be mitigated simply by
keeping one’s distance from certain charged parts. But anomalies in system performance
are endemic to pulsed power work. The more worrisome source of danger is that it is
frequently difficult to obtain certain knowledge about where hazards lie. Under these
conditions, even someone with appropriate technical training might be misled into putting
themselves in danger. Experienced pulsed power workers tend to be acutely aware of
how uncertain their knowledge about these systems can be.

One way to maintain order in the face of ambiguity is to eliminate the ambiguity. Another
way is to contain the ambiguity in such a way that it cannot threaten order. Both
strategies are used at different times in pulsed power work. In facilities like CLEO,
equipment is actually only charged for a brief period of time before each experimental
run, or ‘shot.”>* Most of the time, equipment is grounded and power is turned off, and
people work freely throughout the laboratory space. In this state, uncertainty about
system safety is systematically eliminated by ‘locking out’ high-voltage power sources
and by several redundant grounding mechanisms that ensure, and visually demonstrate,
that equipment cannot be electrically charged. In the charged state, by contrast,
uncertainty about system behavior is treated as an unavoidable problem — a necessary
trade-off for high performance. To keep this uncertainty from threatening the safety of
the laboratory, the charged system is enclosed by clear boundary in the form of a 12-foot-
tall metal and plywood ‘blast wall’ that surrounds the entire pulsed power system,
preventing human access and containing any flying debris. This wall ehmmates the need
for certain knowledge about hazards by enclosing the entire area of ambiguity.>

Each of these two states represents an acceptable form of order in pulsed power culture.
But as Douglas points out, the most significant danger is often located in the transitions
between states of order, and ritual tends to play an especially strong role in managing
such transitions.*® In fact, it is in the transitions between charged and uncharged that
safety takes its most ritualistic and procedural turn in the pulsed power laboratory.

A pre-shot procedure is followed to prepare for the transition from an uncharged to a
charged state. Before the doors are closed in preparation for a shot, rotating emergency
lights are turned on. A designated system operator then searches the experimental area for



people. This person has to press ‘sweep buttons’ in several locations to verify that they
have checked the area and it is unoccupied. The sweep buttons must be pressed and the
door closed within a specified time period or the whole procedure must be started again.
Immediately before a shot; warning horns sound to alert anyone missed in the sweep, and
announcements that charging will commence are broadcast over the public address
system. If someone were to be trapped in the danger zone, they could press one of a
number of ¢ scram buttons that immediately terminate the experiment and ground the
equipment. >” Experimental operations are carried out remotely from a control room
outside the blast wall.

Following a shot, equipment is treated as potentially charged until proven otherwise. The
transition to a verified uncharged state is managed through a set of procedures known as
‘safing.” This term represents a complete verb form of the word ‘safe’ — one can ‘safe’ a
system or verify that it has been ‘safed,” for example. Safing involves turning off all
high-voltage power supplies and positively connecting all system components to ground.
Pulsed power systems usually have mechanized safing systems that do this automatically,
but manual procedures are still followed, partly as a check on the automatic system. The
basic tools of the manual safing process are called ‘shorting sticks.” These are brightly
colored wood or fiber glass poles, about size of a broom handle, with a metal hook on the
end that is connected via a cable, through a resistor, to ground. Each major piece of
equipment has its own dedicated shorting hook. The resistor — often a large tub of water —
" provides a ‘soft short’ that enables equipment to discharge relatively slowly, mlnlmlzmg
the risk of arcing between the hook and any charged equipment.

At CLEO, the manual safing procedure can only be carried out by scientists and
technicians who have been trained as ‘safing operators.” Two safing operators open the
blast wall door and enter the experimental enclosure. One performs the procedure and the
other serves as a safety watch and backup. They proceed to hook the shorting sticks onto
their corresponding pieces of equipment, following a predetermined sequence that keeps
the team away from potentially charged equipment until they have succeeded in manually
grounding it. Once this-process is complete, others are allowed free access to the
experimental area again.

One of the explicit functions of safing is to structure the laboratory environment so that
scientists and technicians can visually verify the grounded status of every piece of
equipment. The brightly-colored shorting sticks are designed to be noticeable, so that a
stick out of place would immediately stand out to those familiar with the laboratory.
Safing systems also extend the theme of traceability. The cables that connect the shorting
sticks to ground, for example, are deliberately purchased with transparent plastic
insulating material, just so the integrity of the metal part of the cable can be easily
verified.*® System designers try to have the sticks connect as directly as possible to
possible reservoirs of electrical charge so the connections will be more robust and more
easily traceable:

the philosophy is to make sure that your manual system will fully dissipate a
fully-charged system safely, regardless of what connections may or may not have



been blown off. And so ... you want to have your manual system address the
capacitors as directly as poss1b1e You don’t want to be shorting them out over
here assuming some connections are in place. 39

This philosophy came into play during the design of the CLEO safing system when a
dispute broke out among the researchers about whether a particular capacitor bank
required one or two shorting hooks. One technician argued that the circuit would always
keep the two main parts of the bank’s chassis at the same electrical potential, so only one
hook was required. However, the bank ultimately got two hooks, because the -majority of
scientists and technicians were worried about the lack of a verifiable electrical connection
between the two parts — the fact that “you could not actually see a physical connection.”*’

Safing procedures are rituals to make the laboratory a comfortable and secure work space
according to the standards of order of the pulsed power community. This community
defines order, and safety, primarily in terms of the traceability of connections between
system elements. The manual safing procedure produces this type of visual environment
by creating an easily readable configuration of brightly-colored shortmg sticks that are
connected to ground by visually verifiable connections.

The ritual aspects of safing procedures are underscored by the community’s reluctance to
rely solely on automatic safing systems. Though these systems are by all accounts very
effective, they are not fully trusted to create a safe environment. This is partly related to
the general reluctance to assume that any aspect of a pulsed power system can be counted
on to behave predictably. More importantly, automatic systems fail to provide
appropriate visual cues: they may render the system safe in technical terms, but they
don’t order the environment in a meaningful way — one that enables individual workers to
directly and continuously verify the safety of the system. :

Safing also plays an important role in defining the relationship between people and
equipment in the laboratory. Discussions on how to design a safing system, like the one
described above, are carried out with great seriousness by the participants, with a heavy
emphasis on technical knowledge and past experience. This conveys to everyone —
including new members of the community — that safety procedures are an important and
integral part of technical work in this setting. This message is also conveyed in the
evident care with which the safing procedure itself is carried out. Watching the procedure
enacted is like watching a morality play in which the actors, through gesture and attitude,
very literally demonstrate the concept of ‘ultimate respect’ toward pulsed power
equipment.

The pre-shot safety procedure is not quite as symbolically loaded in this respect because
it does not involve the same sort of direct confrontation between people and potentially
charged electrical equipment. Because it definitively cuts off human access to an area of
potential danger before the danger is actually present, it does not require the careful
balancing of risk against order that is characteristic of safing. Still, it helps define the
relationship between workers and pulsed power equipment by clearly drawing spatial and



temporal boundaries around a set of circumstances in which any direct interaction
between the two must be strictly forbidden.

Safety procedures also seem to play a key role in defining the relationships between
people in the pulsed power community. It has been observed in many other laboratory
settings that the scientific community seems to place a greater value on purely intellectual
work than on work involving manual skill. This valuation of “head” over “hand” is
reflected in various status hierarchies, such as the greater esteem generally granted to
theoreticians over experimentalists, or the supervisory control scientists have over the
work of laboratory technicians.*! These distinctions clearly apply in pulsed power as
well: it is the scientists who go to conferences, publish papers, and generally reap the
rewards of laboratory work; they also direct the work of technicians and decide which
technicians they want to work in their facility.

In the CLEO lab, however, safety concerns seem to provide a basis for an alternate
hierarchy in which hands-on working experience and skill are the primary determinants
of social status. This alternate hierarchy appears particularly strongly during a shot, and
through the pre- and post-shot safety procedures. At these times, the movements of less-
experienced and less-skilled members of the team are essentially controlled by those with
operating experience, who carry out the procedures and ensure they are completed
satisfactorily. The experienced group is made up largely of technicians, but includes
some scientists as well; they other group is a mix of students, younger technicians, and
less-skilled scientists. Even one of the principle investigators fell into this latter category
at the time of this study, though he was in the process of being trained to be a system
operator.

This skill-based hierarchy carries over into everyday lab work as well. Scientists seemed
to defer to technicians, or at least treat them as equals, in many decisions involving safety
or system configuration. Scientists even judged each other according to their skill and
ability to work safely. For example, one scientist explained that he had little tolerance for
‘klutzes,” colleagues who repeatedly make mistakes in the laboratory:

I mean there are, there are staff [scientists] who we don’t want in our labs, ‘cause
they just are klutzes, and they’re known to be klutzes ... even some staff that are
supposed to be experimentalists ... it’s really hard to undo that reputation ...
there’s guys I know who are marked as klutzes forever, and ... rightfully s0.42

This emphasis on skill and intolerance of incompetence was a repeated element of
conversation among all members of the CLEO team, who had some internal
disagreements about which team members they considered more or less skilled or safety-
conscious. Their harshest criticisms, however, were directed at outsiders who were not
familiar with pulsed power work yet presumed to get involved in laboratory safety.
- Safety personnel bore the brunt of this antagonism, but it was also directed at many
managers and even colleagues. Safety, and the related emphasis on skill and experience
of colleagues, seemed to be one basis for drawing firm social boundaries between the



CLEO team and the outside world and for maintaining a sense of solidarity among team
members.

In summary, the pulsed power community demonstrates an overriding commitment to -
safety occasioned by a firm belief in the dangers inherent in the electrical currents used.
This commitment to safety is enacted and reinforced in the community through the use of
safety procedures that also serve ritual functions. These procedures help define the norms
for interactions between people and laboratory equipment, and between people. They
help create a close-knit social group that is also rather suspicious of outsiders, and which
relies on skill and experience, as much as scientific authority, as determinants of social
status. The causal relationships are complex, however; it may be that the close,
egalitarian social organization of the group, which is related to the style of work in pulsed
power, is what makes it possible to pay such close attention to safety in the first place.

Safety in the Biosciences

While the pulsed power lab provides fertile ground for examining the relationships
between safety and order in scientific work, it is an individual facility with a very distinct
local culture. A brief overview of the bioscience research culture at LANL provides some
useful contrasts. Despite the common institutional background, the relationship between
safety and order is defined very differently in the biosciences. LANL bioscience facilities
don’t deal with infectious organisms, so the work is understood to be relatively low-risk.
The greatest dangers come from cumulative exposure to toxic or cancer-causing
chemicals, but both the possible contamination and its consequences are largely invisible.
Not surprisingly, bioscience researchers place little stock in visual evaluation of the work
space, and are not very concerned about maintaining visual consistency or logical
traceability in the laboratory environment. Instead, they protect against contamination by
wearing gloves and other protective equipment, and by cleaning up spills of powders or
liquids.

Safety procedures in the biosciences are relatively simple and are taken care of largely at
the individual level. This is consistent with the way bioscience research work is
organized. In the pulsed power laboratory, a regular cast of characters reports to the same
location every day, where they work together on a large, fixed technical system. In the
biosciences, teamwork usually involves coordinating multiple individual work
trajectories rather than working together in a shared space. Compared to the CLEO team,
bioscience research teams are more hierarchical and less integrated internally, and
boundaries with outside groups seem correspondingly less important. Bioscience safety
procedures don’t appear to carry the ritual weight needed to generate strong commumty
solidarity and sharp boundaries with the outside world in this diffuse social context.*

Conclusion
As the bioscience study demonstrates, safety is not always a major determinant of how

scientific work will be structured. The contrast between pulsed power research and
bioscience research does, however, suggest certain regularities in the relationship



between safety and work that are similar to those found by Douglas and Wildavsky.
Greater concern with safety seems to go along with a close-knit social group that is
internally rather egalitarian and draws a sharp boundary between itself and the outside
world. This relationship itself may not show up this clearly in all cases, however. But this
study demonstrates that safety can be a central aspect of laboratory culture, and one
which implicates many other important cultural themes, including the role of order in the
scientific research process, the norms that shape interactions in the laboratory, the status
structure of the scientific workplace, and the interface between scientists, institutions, and
the public.44 Safety is one of those middle-level concepts, like trust or skepticism, that
can help us talk about the moral order and social structure of science without abandoning
a commitment to examine scientific practice. The feature that distinguishes safety from
these other concepts is that it is embedded in institutional arrangements peculiar to the
last 60 years or so, so it has the potential to tell us much about the changing nature of
scientific work, the role of organizational context in scientific work, and broader issues
about public trust in science.
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* For example, there appear to be much sharper, more traditional status distinctions between scientists and
technicians in the biosciences. Perhaps not coincidentally, the majority of bioscience technicians are
female, while pulsed power technicians are overwhelmingly male.

4 Researchers’ moral universe extends into the technical details of their work; or, their scientific and
technical views of order spill over into the social organization of the laboratory. The concept of laboratory
safety, with its mixture of technical and social prescriptions for order, helps us understand this continuity.



